Abstract-Project assignment i s considered one of the critical project decisions since it influences the performance of projects, and eventually the performance of the Organization. Despite its importance, the literature reveals two major gaps on project assignment criteria and methodology. To close these gaps, this study proposes an additional set of project assignment criteria and a systematic methodology for project assignments, so called, a decision support model for project assignments (DSM). By usiog the concepts of case study research combined with a literature review, the important potential criteria for project assignments are identified. These criteria are used in conjunction with the concepts of the analytic hierarchy process (Am) and the integer programming UP) to develop a DSM for one company. The DSM is executed and validated with the company's information. As a past of this research project, this paper illustrates the results of the pilot study developed for the feasibility study of the DSM development.
I. INTRODUCTION
Research on project assignments, a process of assigning a project to a project manager, has exhibited a peculiar dichotomy in the approaches to (i) the influences of project assignments and (ii) methodologies for project assignments. A tendency among those studying the influences is that a project assignment is a critical project decision [l] . The rationale is that such a decision affects the project performance, which then affects the organizational performance.
When being assigned a project with requirements that match his competencies well, the project manager is likely to perform better than if there was no match. The higher performance, then, contributes to the project success, that is the project performance (see the left portion of Figure I ) 12-51. The better project performance will contribute to the higher organizational performance (see the upper portion of Figure 1) [6].
Project assignments, however, have a direct influence on the organizational performance as well (see the right portion of Figure 1 ). This is possible to discern in the case of strategically important projects. Such projects are conceived to directly support some of the organizational goals whose accomplishment is the measure of the organizational performance. The degree of the accomplishment may significantly depend on the competencies of the assigned project manager. In short, literature on project assignment influences argues that project assignment influences both project and Organizational performance.
.. Methodologies for project assignment, on the other hand, exhibit a different perspective. They are mainly based on criteria that address the influences of the project assignments on the performance of projects [7-91. The influence of project assignments on the performance of the organization in the methodologies is largely absent, creating the above mentioned dichotomy.
The purpose of this study is to develop a new systematic methodology for project assignments. Specifically, two distinct research goals are pursued 1) to investigate the existing project assignment processes in order to identify project assignment criteria, and, based on such criteria, 2) to construct a methodology for project assignments in the form of a decision support model (DSM). When accomplished, these goals would go far toward reconciling the approaches to the influences of project assignments and methodologies for project assignments.
LII. THEORETICAL BACKGROUND
We begin by reviewing the literabe on project assignments divided into two streams: project assignments as assignment criteria and assignment methodologies. By the project assignment literature, we mean mostly empirical studies in which a project assignment is a unit of analysis.
Although there are overlaps in focus across the streams, research within each stream concentrates on a particular aspect of the project assignment. The assignment criteria research focuses on various criteria that can be used to assign a project to a project manager, whereas the assignment methodology work concems the framework and process of applying the criteria to the assignment. After providing a critical review of each stream, we indicate gaps in the literature and also what these gaps imply in this study.
A. Project Assignment Criteria and Methodologies
Assienment criteria: The literature on assignment criteria stresses that a successful project assignment is one in which a project manager possesses competencies compatible with project requirements -type of project, its size, 
1151.

B. Critical Review and Implications
Although the extant literature contributes significantly to the better understanding of the criteria and methodologies for project assignments, two observations stand out as follows:
The assignment criteria and methodologies are incomplete. In particular, while assigning projects per project-specific requirements and competencies is necessary because of their influence on project performance [7, 8, 181, it is also necessary to include criteria related to the performance of the organization (see the right portion of Figure I ). As already mentioned, performance of the projects affects the performance of the organization, specifically the accomplishment of the organizational goals and strategies (further referred to as organizational factors). Additionally, to assign a project, there are some personal and organizational limitations ( M e r referred to as organizational constraints) such as the resource capacity of project managers (e.g.. expressed in terms of person hours per time period) and their career path interests. Therefore, criteria related to the accomplishment of the organizational factors and the organizational constraints should also be considered during a project assignment.
Because they use assignment criteria as a foundation, the current methodologies for project assignments are developed based on the dominant assignment criteria approach, matching project requirements and the project manager's competencies as criteria. Therefore, when assigning projects these methodologies do not account for criteria related to the organizational factors and constraints. In summary, the implication of these arguments about observation 1 is as The methodologies proposed in the literature were also developed for the context in which project managers manage a single project at a time. Hence, they are not quite applicable to project assignments in a multiple-project environment. Employing these methodologies for project assignments in situations where a project manager manages multiple, simultaneous.projects may lead to a local optimum and an overall suboptimum [22, 231. In summary, the implication of these arguments about this observation is as follows.
Implication 2: The project assignment criteria and methodologies should account forproject assignmen@ in an organization where a project manager handles-one .
project at a time, as well as for an organization employing a project manager managing multiple, simultaneous projects.
. .
IV. RESEARCH DESIGN
To address the critical review observations and to respond to the implications, this study has two-already mentioned research objectives: ~1 ) to investigate the existing project assignment processes in order-to. identi@?, project assignment criteria, and 2) 20 construct Q methodology for project assignments in the form of a decision support model (DSM). These research objectives are supported by the research questions as follows. 
Research objective
Research objective 2
Research auestion 5 : How should the DSM for project assignment be constructed to assure that the organizational factors, the project requirements, the competencies of project managers, and the organizational constraints are properly considered during project assignments?
These research objectives and questions are focused on companies that pursue new product development projects in a multiple-project environment, where some project managers manage one project at ,a time, while others lead multiple, simultaneous projects. The set of project assignment criteria and the methodology for project assignments proposed in this study are tailored for those companies.
To accomplish the research objectives, the study includes two main phases: the development. of project assignment criteria and the development of the DSM for project assignments, as shown in Figure 2 . Note that this paper reports the cwent status of this study, which is in the pilot study stage.
~.
.
A. The Development of Project Assignment Criteria
by means of case study method, including interviews with This phase consists of two research steps: 1) data project managers and their superiors and project document gathering and 2) data analysis and pilot study.
reviews. These companies are selected since they are in 1. Data gathering: The literature review is conducted to high-technology industry and execute NPD projects in a explore project assignment criteria. In addition, the project multiple-project environment. Table 1 illustrates the assignment processes of four specific companies are studied description of the companies. and literature comparisons are performed to identify a preliminary set of project assignment criteria. These criteria are categorized into the criteria regarding organizational factors, required competencies, project requirements, and organizational constraints. To test the feasibility of the DSM, some criteria in the set are used to develop a pilot model of the DSM (PDSM), which is quantified by using a hypothetical example. It is this PDSM that is the focus of the remaining portion of this paper. In parallel with the work on the PDSM, the preliminary set of project assignment criteria is presented to a panel of experts for their evaluation. This panel consists of six individuals from academic, consulting, and industry environments who have knowledge and experience in project management.
The panel will 2. recommend a final set of project assignment criteria that can he subsequently employed to develop the DSM.
B. The Development of the DSM
This phase, which has not started yet, is designed to provide the model development, execution, and validation. In particular, the project assignment criteria that will he 4. recommended from the experts will he employed to develop the DSM by applying the concepts of the analytic hierarchy process (AHP) and the integer programming (IP) (see Figure  2) . The AHP integrates organizational factors, project manager's competencies, and project requirements into the project assignment process (Figure 2) . Note that project manager's competencies and project requirements are in the I .
3.
.
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form of competency matrices. The IP model incorporates outputs from the AHP including those from the competency matrices into its objective function and performs multiple project assignments with the consideration of the organizational constraints (formulated into mathematical constraints). Afterward, the model will be quantified by using the information from one participating company, which executes its NPD projects in a multi-project environment where a project manager may lead a single project or multiple projects at a time. The steps of model development, execution, and validation are as follows:
Construct a decision hierarchy (a part of the AHP) by using the project assignment criteria regarding organizational factors Quantify the hierarchy by using a pairwise comparison method. The results will illustrate the importance of projects to the organization Develop competency matrices (a part of the AHP) based on the project assignment criteria regarding the required competencies and project requirements, and quantify the matrices by using the Anchor scales
Establish the correspondence between a project and a project manager by means of multiplication of the competency matrices from step 3
Employ the results from step 2 and 4 to develop an objective function of the IP model Formulate mathematical constraints of the IP model from the project assignment criteria regarding organizational constraints with some additional information from the resource capacity of a project manager who leads required competencies and the project requirements multiple, simultaneous projects is expressed in tenns of 7. Execute and validate the IP model the total number of projects, the number of projects of a certain type, and the number of projects in a certain As mentioned earlier, this study is in the pilot study stage.
phase that he can lead. The set of preliminary project assignment criteria is used to develop the pilot model (PDSM). To do so, these seven steps Later in the study, these assumptions will be examined. of model development are applied.
In addition, the Future work may include relaxing these assumptions. preliminaw assumntions are also made as follows: 1.
2.
3.
4.
1.
Project assignment is a static process, meaning an assignment considers only projects and the resource capacity of project managers at the time of the assignment. Project assignment is a process of assigning a new project. In the case that the existing projects need to be reassigned, they will be treated as new projects. Projects can be categorized to direrent qpes depending on their requirements. These project types will assist in identifying required competencies and resource capacity of a project manager. One possible project typology that is developed by Wheelwright and Clark [25] is discussed later in Section IV.
The resource capacity of a project manager is measured in the unit of numbers of projects. Specifically, the
RESULTS
The results of this pilot study, which is developed for the feasibility study of the DSM, are reported as the preliminary set of project assigMlent criteria and a pilot model of the DSM (PDSM) based on a hypothetical example.
A. The Preliminav Set of Project Assignment Criteria
By following the steps of data gathering and preliminary data analysis, a preliminary set of project assignment criteria is developed.
These criteria are categorized into organizational factors, required competencies, project requirements, and organizational constraints, which are supported by references as shown in Table 2 . Organizational factors are a group of criteria based on the strategic elements of the organizations such as the organizational mission, objectives, goals, and strategies. To be competitive, most organizations put more emphasis on technology-related and business-related elements, which are continuous innovation, business expansion, high profit margin, etc. The degree to which projects contribute to the accomplishment of these elements is important to project ranking, and to which project managers the projects will be assigned. Required competencies are the knowledge, skills, and experience of a project manager that are required to lead a project. These competencies can be categorized into technical, administrative/process, humadinterpersonal, and businesdstrategic competencies. In addition, some other competencies such as interproject
2.
planninglscheduling, interproject resource allocation, and
To report results for this hypothetical example, we use multitasking are especially needed for project managers the hmework of steps described earlier in the section "The who lead multiple, simultaneous projects.
Development of the DSM." 3. Project requirements are criteria based on the project 1. Consmct a decision hierarchy by using the project characteristics such as the complexity, size, and duration assignment criteria regarding organizational factors: o f projects. These requirements can be used to identify
The top level of the hierarchy is the organizational the project type and which competencies a project mission, the second level is the organizational manager needs to manage a project. For example, the objectivedgoals, and the third level is the projects to be commercial development projects can be categorized assigned. Figure 3 illustrates the decision hierarchy.
based on the degree of complexity regarding product and process changes starting from the little or incremental changes of incrementallderivative projects to radical changes of hreakhoughhdical projects. Platform or next generation projects land in between the two. The high end of the spectrum arrive R&D projects, which focus on the creation of knowledge as a basis for the commercial development [25] . The higher the project complexity, the more a project needs a competent project manager to manage it [53]. Organizational constraints are criteria representing some personal and organizational limitations regarding project assignments. One limitation that deserves special attention is the resource capacity of a project manager referred to as the effective capacity, the current workload, and the availability (expressed in person-hours per time period). The effective capacity is the real level of resources available after taking out vacation, etc. [21] and the availability is equal to the effective capacity minus the current workload. The capacity limitations can he, for example, a project manager cannot lead too many projects with the high degree of complexity (e.g. a breakthrough project). A project manager cannot lead too many projects in a particular phase (e.g. conceptualldevelopment) since the project works are very demanding. These limitations are accounted for a project manager who lead multiple, simultaneous projects.
4.
B. The Pilot Model of the DSM (PDSM)
The following is a hypothetical example of an organization that is used to quantify the model. Table 3 illustrates a matrix of the required competencies. This matrix shows the levels of competencies of project managers that each project needs. A matrix of the available competencies, which show the levels of competencies that each project manager possesses is illustrated in Table 4 . These matrices are quantified by using the 1-5 Anchor scales (1: Low, 5 : High). Table 3 ) and matrix B ~~~ x , is a matrix of available competencies ( Table 4) . The values W, of matrix C, x p, q (correspondence matrix) can be calculated from "C = B X A". Table 5 illustrates the results of the multiplication,^ which show that PM1 has the high correspondence with PI, P2, P3, and P4 and PM2 has the high correspondence with PI, P3, P4, and P5. formulated, executed, and validated by using Microsoft Excel Solver. For this hypothetical example, the model suggests assigning PI and P4 to PM 2, P2 and P3 to PM 1, and P5 to PM 3 with the optimum solution of 168.47. This optimum value indicates the contribution of the project assignments to the accomplishment of the organizational mission and the correspondence between project requirements and the project managers' competencies by considering the capacity of project managers as the organizational constraints.
TABLE 3 A MATRJX OF REQUIRED COMPETENCIES (ALLQXROI)
The discussion of the results is as follows.
From the hierarchy quantification, the breakthrough project PI and P2 are found to be important to the organization (V, = 0.33 and V I = 0.36). They also require high level of project manager competencies ( Table 3) . As of Table 4 , both project managers, PM 1 and PM 2, are highly competent. They have high correspondence with P1 and P2 ( Table 5 ) . According to this information, either of them can lead PI and P2 if they have the sufficient capacity. The results of the model show that P2 should be assigned to PM 1 and PI should be assigned to PM 2. Since PM 1 and PM 2 are competent, they can also lead other new projects. The model additionally assigns P3 to PM 1 and P4 to PM 2. No additional project can be assigned to these project managers since it will fail the capacity constraints. The model, then, assigns PS to PM 3. The current workload aAer the assignments of each project manager is shown in Table 6 .
IV. MANAGENAL IMPLICATIONS
2 ) The PDSM is applicable to both situations where one oroiect manamr leads a sinple Droiect or leads multide, The purpose of this study was to test the preliminary set of project assignment criteria and the pilot model of the DSM (PDSM). The results of the testing revealed several important implications that we summarize in this section.
1)
The PDSM provides a systemic methodology for project assignments. Essentially, this means that PDSM includes all relevant criteria related to both organizational and project performance.
Firstly, when assigning projects management needs to evaluate and rank each project by the degree of its strategic importance of to the organization. With its decision hierarchy, the PDSM makes it possible to perform this evaluation. Secondly. management needs to ensure that the competencies of a project manager correspond to the project requirements. To do so, the PDSM introduces the competency matrices that management can use to identify the degree of correspondence between the project requirements and the competency level of each project manager. Thirdly, the project assignments should conform to some organizational or personal limitations such as whether or not a project manager has sufficient resource capacity to lead a project. These limitations can he formulated into the mathematical constraints of the PDSM. In summary, after producing ranking of projects through the decision hierarchy, developing the competency matrices, and identifying the mathematical (organizational) constraints, the PDSM performs project assignments in such a way that projects of the higher rank (strategic importance) are assigned to the ,more competent project managers who have the sufficient resource capacity to lead them. . simultaneous projects. In addressing the latter, PDSM is perhaps unique in the literature. We, therefore, emphasize such attributes of the model. In particular, in the case of managing multiple simultaneous projects the PDSM introduces several mathematical constraints regarding the resource capacity of project managers in order to ensure effective multitasking and context switching among projects. For this purpose, the PDSM recognizes that a project manager should not lead more than a certain number of projects. It also accounts for the fact that the demand for the project manager's time and the complexity of projects vary across phases in the project life cycle and the type of projects. For example, the project manager should not concurrently lead several projects that are very time-demanding (e.g., projects in conceptuaV development phase arc very timedemanding) or complex (e.g., breakthrough projects). Later in the study, the aggregation approach will be introduced to combine these mathematical constraints.
In the case when a project manager leads a single project at a time, the mathematical constraints regarding the resource capacity of a project manager have to be modified. If organizations need so, the PDSM can introduce other constraints. One such example is a constraint regarding the type of project that a project manager can lead.
3 ) The PDSM offers a contingency approach.
Specifically, this means that the PDSM is most useful when management employs a set of project assignment criteria tailored to their strategy and organizational conditions, while using the criteria proposed in this study as guidelines. Then, the project assignment model can be developed by following the concepts and steps as shown in this pilot study. However, the development of this model may be demanding. For example, i) management have to identify a time period for project assignments and the capacity of project managers. ii) This capacity may be expressed in the units of person-hours. Also, when a project manager leads multiple, simultaneous projects, the capacity loss related to multitasking or context switching has to be carefully identified. iii) If it is applicable to the organization, the model should be formulated to recognize the impact of the project manager reshuffling. For example, a project manager may be relieved from managing project A (which is undenvay) in order to take on a new project B, while project A is assigned to another project manager. In that case, the PDSM is formulated such that project A is treated as a new project and assigned with an assumption that "the new project manager can quickly catch up with the project A. ''
V. CONCLUSION AND FUTURE RESEARCH
The results of this pilot study centered on the preliminaty set of project management criteria and the PDSM. By employing these criteria and the PDSM, the project assignments in multi-project. environment were successfully performed, considering both the organizational and project performance. Obviously, such results indicate that building and deploying a full-scale DSM is feasible. Therefore, in the next step that is beyond the scope of this paper, we will focus on researching such DSM, building on the lessons learned in this pilot study.
